The current study tested the hypotheses that knee osteoarthritis (OA) patients and spouses who report more spousal understanding of patient's pain would report greater marital satisfaction. A total of 124 couples completed interviews at three time points across 18 months. Results from dyadic analyses showed that patients who felt more understood by their spouse report, and have spouses who report, higher marital satisfaction concurrently. In addition, patients who felt more understood by their spouse reported higher marital satisfaction over time. Spouses' reports of understanding also had a significant influence on the patients' and their own marital satisfaction concurrently. Results highlight the importance of spouses understanding knee OA patients' pain for both dyad members' marital satisfaction.
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| INTRODUCTION
Knee osteoarthritis (OA) is a highly debilitating chronic condition and the most prevalent joint disease in the United States (Zhang & Jordan, 2010) . Characterized by joint pain, stiffness, and swelling, OA is degenerative and often associated with increased functional limitations (Ling et al., 2003) . Married arthritis patients are more likely to turn to their spouse, as opposed to other network members, for condition-related support (Figueiredo, Fries, & Ingram, 2004; Strough, McFall, & Schuller, 2010) . Much of the research involving these couples has focused on spouses' abilities to accurately estimate patients' level of pain (Gauthier, Thibault, & Sullivan, 2008; Lehman et al., 2011; Martire et al., 2006) . Estimating pain, which is synonymous with approximating, is fundamentally distinct from spouses' understanding of OA patients' pain, which connotes a sense of compassion or deeper awareness of how the pain is influencing the patient. Perceptions of higher spouse understanding may be associated with better relationship satisfaction for both dyad members; however, to our knowledge, no studies to date have addressed this question. The current study used a dyadic approach to uncover the potential associations between patient and spouse perceptions of spouses' understanding of patients' pain and both dyad members' concurrent and prospective marital satisfaction.
A recognized yet relatively understudied model among chronic pain couples (Cano & Williams, 2010) , the interpersonal process model of intimacy, proposes intimacy as an outcome of ongoing self-disclosure and partner understanding (Reis & Shaver, 1988) . Although important, disclosure is not a sufficient predictor of intimacy or relational satisfaction (Cutrona, Shaffer, Wesner, & Gardner, 2007; Druley, Stephens, & Coyne, 1997) as OA patients may disclose their pain to their spouse and in turn receive criticism, hostility, or blame, which inhibits intimacy. Therefore, the intimacy model proposes that disclosers must feel understood, validated, and cared for by the listener in order for intimacy to occur (Reis & Patrick, 1996; Reis & Shaver, 1988) . These reactions from the listener, later termed perceived partner responsiveness (PPR; Reis, Clark, & Holmes, 2004) , do not require dyad members to agree; however, they show the discloser (e.g., a person managing knee OA) that the listener is aware of how they perceive themselves (Reis & Patrick, 1996) . In essence, this model emphasizes the importance of perceived understanding (as opposed to accurately estimating a stressor's severity, such as patient's pain) by the listener for establishing and maintaining intimate relationships.
The pain estimation literature consistently reports spousal tendencies to overestimate arthritis patients' pain (Cremeans-Smith et al., 2003; Lehman et al., 2011; Martire et al., 2006; Riemsma, Taal, & Rasker, 2000) and functional disability (Riemsma et al., 2000) . This is problematic because patients of spouses who are less accurate in estimating patients' level of pain report lower quality of life (Miaskowski, Zimmer, Barrett, Dibble, & Wallhagen, 1997 ) and more problematic (as opposed to helpful) support from their spouse (Lehman et al., 2011) than patients of spouses who are more accurate estimators. Relatedly, overestimating spouses have poorer mental health (Riemsma et al., 2000) .
Given the frequency with which spouses inaccurately estimate patients' pain, it is not surprising that in a lab-based project, spouses reported correct understanding of chronic pain patients' thoughts and feelings a mere 10% and 12% of the time, respectively (Leonard, Issner, Cano, & Williams, 2013) . Patients also tend to report that their pain is not well understood by their spouses (Herbette & Rimé, 2004) . A lack of pain understanding by one's spouse may be especially destructive to both partners' relationship satisfaction. Although spouses' disposition to inaccurately estimate or understand patients' pain has been observed, the relational implications of a spouse understanding a patient's pain have received far less empirical attention.
Patients have reported that their marital relationship has been negatively impacted by their chronic pain (Flor, Turk, & Scholz, 1987; Maruta, Osborne, Swanson, & Halling, 1981) . One explanation for poor relational outcomes may be the lack of understanding spouses feel they have with regard to patients' pain. For example, in a lab-based study, more frequent observations of pain invalidation by the pain patient's spouse were found to be related to lower marital satisfaction for both patients and spouses (Leong, Cano, & Johansen, 2011) . On a more positive note, higher reported PPR was found to be a strong indicator of greater intimacy for breast cancer patients and their husbands (Manne et al., 2004) . Although a large majority of this work is cross-sectional, considered together, these results suggest that spouses' accurate understandings of patient pain may enhance the marital satisfaction of both partners.
Exposure to a spouse's suffering is associated with physiological (Monin et al., 2010) and relational (Monin & Schulz, 2009) distress. Unfortunately, a substantial amount of the work on couples who manage chronic pain has overlooked the interpersonal nature of the patient's pain experience by not examining responses from both the sufferer and his or her spouse simultaneously. The limitations of focusing on one dyad member have been noted by experts in the field of dyadic analysis (Kenny, Kashy, & Cook, 2006) .
| The current study
The current study aims to overcome the previously noted limitations and gaps in the literature by testing a modified version of the actor-partner interdependence model (APIM; Kenny et al., 2006) . This method provides a way for researchers to analyze dyadic data that are expected to be interdependent in nature by simultaneously estimating associations between one member's independent and dependent variable as well as the associations between one member's independent variable and the other dyad member's dependent variable. This modeling technique is especially useful for the current analyses as prior research has consistently shown a high correlation between partners' reports of marital satisfaction (Druley, Stephens, Martire, Ennis, & Wojno, 2003; Ross, Ranby, Wooldridge, Robertson, & Lipkus, 2016; Walker, Isherwood, Burton, Kitwe-Magambo, & Luszcz, 2013) .
The current project aimed to understand the association between spouse understanding of patient pain and marital satisfaction for both patients and spouses. We hypothesized that higher reports of spouse understanding (as measured by both the patient and the spouse) would be associated with one's own (H1a) as well as one's partner's (H1b) greater marital satisfaction. In addition, we explored the robustness of these associations longitudinally across 6-and 12-month time spans. We expected the same pattern of results for the prospective analyses.
| METHOD

| Study design
Data are obtained from a larger observational project that included in-person interviews and daily diary assessments. The current study focused on data collected during the in-person interviews, which were conducted at three time points over an 18-month time span (i.e., T1: baseline; T2: 6 months post-baseline; T3: 18 months post-baseline). Participants were compensated up to $225 for participating in each part of the study (i.e., $25 for each completed interview and up to $150 for the daily diary assessments). Further details regarding the design of the study can be found elsewhere (Martire et al., 2013) .
| Data collection procedure
Of the 606 couples that were screened for eligibility, 221 declined to participate. Main reasons for declining were a lack of interest (N = 87) and illness in the family (N = 55). In addition, 233 couples were ineligible for the study mostly because patients' OA pain was mild (N = 47) or there was a lack of OA in the knee (N = 55). Of the 152 couples enrolled in the study at T1, 94.7% (N = 144) and 89.5% (N = 136) participated in the T2 and T3 interviews, respectively. The most common reasons for attrition were health issues, lack of time, or inability to contact the couple to schedule the interview.
Due to missing data on one or more study variables, the sample size for the concurrent model was: T1 = 147 couples; T2 = 141 couples; and T3 = 130 couples. The sample size for the longitudinal model was 133 couples for the 6-month time span (i.e., T1-T2) and 124 couples for the 12-month time span (i.e., T2-T3).
| Participants
This study was approved by the University of Pittsburgh Institutional Review Board (IRB), and all participants provided written informed consent. Recruitment of participants for this study took place in research registries for rheumatology clinics, through flyers distributed to the University of Pittsburgh staff and faculty, and by word of mouth. To be eligible to participate in this study, patients needed to be diagnosed with knee OA by a physician, experience unusual knee pain of at least a moderate amount, be at least 50 years of age, and be married or in a self-defined long-term relationship and live with their partner. Exclusion criteria included the patient having a comorbid diagnosis of fibromyalgia or rheumatoid arthritis or a plan to undergo hip or knee surgery in the following 6 months. Couples could also be excluded if either individual used a wheelchair or if the spouse needed help with personal care activities or had at least moderate arthritis pain. All participants were required to be free of any impairment that would inhibit their ability to understand and respond to questions in English. Demographic information for the sample at baseline is provided in Table 1 .
| Measures
All measures were collected during in-person interviews at three time points across 18 months. Descriptive and reliability estimates for all measures at each time point are provided in Table 2 .
| Spouse understanding of patient pain
Spouse understanding of patient pain was measured from both patient and spouse perspectives using a measure adapted from Porter, Keefe, Wellington, and de Williams (2008) . Patients and spouses were asked four parallel questions that assessed their perception of the spouses' understanding of patients' pain on a scale from 10 (very uncertain) to 100 (very certain). The items from the patient measure were: (a) "How certain are you that your spouse understands how much pain you are having?" (b) "How certain are you that your spouse understands how much your pain bothers you?" (c) "How certain are you that your spouse understands what s/he can do to help you with your pain?" and (d) "How certain are you that your spouse will respond to your pain in a way that meets your needs?" A corresponding example item from the spouse measure was: (a) "How certain are you that you know how much pain your spouse is having?" Average scores were created for both patients and spouses.
| Marital satisfaction
Marital satisfaction was assessed with Spanier's (1976) 10-item Dyadic Satisfaction subscale from the Dyadic Adjustment Scale. Items assessed components of physical (e.g., "Do you kiss your Annual income $40,000-59,000
Note. N = 147 couples. OA: osteoarthritis. The income range provided is the mode for the sample.
spouse?"), emotional (e.g., "Do you confide in your spouse?"), and relational (e.g., "Do you ever regret that you married?") intimacy. Item response rating scales varied throughout the questionnaire; however, the majority of the items used a scale from 1 (all the time) to 6 (never). The item assessing physical intimacy (provided above) used a unique scale of 0 (never) to 4 (every day). Another item assessing the overall degree of happiness of the relationship used a 0 (extremely unhappy) to 6 (perfect) scale. The final item of the questionnaire requested participants to choose a statement (from a list ranging from 0 to 5) that best describes how they feel about the future of their relationship. Negatively phrased items were reverse coded so that a higher score would indicate greater marital satisfaction, and the analyzed measure was a summed score of the 10 items. The rating scale ranged from 0 to 50.
| Covariates
Previous research has suggested that greater depressive symptoms predict lower marital satisfaction for both dyad members (Ross et al., 2016; Walker et al., 2013) . Therefore, we included patients' and spouses' reports of depressive symptomatology as a covariate. The 10-item version of the Center for Epidemiologic Studies Depression Scale (CES-D; Andresen, Malmgren, Carter, & Patrick, 1994; Radloff, 1977) was used to assess depressive symptomology. This scale asked patients and spouses to report on a 4-point scale how often (0 = rarely or none of the time, 3 = most of the time) they may have felt or behaved in the last week on items such as "I could not get going." Preliminary analyses, displayed in Table 3 , found that patients' and spouses' reports of depressive symptomatology were significantly, inversely, correlated with both dyad members' marital satisfaction. Given the aforementioned negative implication that chronic pain can have on a marital relationship (Flor et al., 1987; Maruta et al., 1981) , patient and spouse perceptions of patients' overall knee pain severity were also included as covariates. A modified question taken from Meenan, Mason, Anderson, Guccione, and Kazis's (1992) Arthritis Impact Measurement Scale asked patients and spouses to describe the patients' "overall knee pain experience in the past month" using a 5-point scale (1 = none, 5 = severe). Note. T1 N = 147 couples; T2 N = 141 couples; T3 N = 130 couples. α: Cronbach's alpha. Ranges for each scale are: spouse understanding of patient pain (10-100), marital satisfaction (0-50), depressive symptomatology (0-30), and patient knee pain severity (1-5). *p < 0.05; ***p < 0.001.
| Analysis procedure
To simultaneously estimate the effects of patients' perceptions of spouse understanding and spouses' perceptions of their own understanding on both patients' and spouses' marital satisfaction, we estimated a concurrent over-time dyadic model. The models were estimated using structural equation modeling in Mplus (Version 6.1; Muthén & Muthén, 2010) . Time was treated as a grouping variable using Mplus's multiple group option. Missing data were managed using full information maximum likelihood estimation (Maas & Hox, 2004) . We first tested a concurrent model. In order to obtain greater statistical power and increase the precision of estimation, data from three time points (i.e., T1, T2, T3) were modeled simultaneously in a single multigroup model, which treated each time point as a subgroup, and equality constraints were imposed on all of the parameters across the three subgroups (i.e., the most parsimonious model). Using a similar approach, we used data from three time points to simultaneously model the prospective associations between understanding and marital satisfaction across two nonoverlapping time periods (e.g., T1-T2 and T2-T3). Each time period was treated as a subgroup in the multigroup model, and equality constraints were imposed on all of the parameters across the two subgroups. In the prospective model, marital satisfaction measured at the prior time point was included as a covariate. Depressive symptomatology and patients' knee pain as reported by both partners were included as covariates using reports from the current time point (concurrent model) or previous time point (prospective model). The overall fit of the final concurrent and prospective models was considered to be good based on the following, well-established, cut-off values: comparative fit index (CFI > 0.95), root mean square error of approximation (RMSEA < 0.08), and standardized root mean square residual (SRMR < 0.08).
| RESULTS
| Preliminary analyses
Initial descriptive and correlation analyses preceded all dyadic analyses. Table 2 provides descriptive statistics for all study variables at all three time points. To address discrepancies in perceptions of spouse understanding of patient pain between patients and spouses, paired t tests were conducted. Results displayed in Table 2 show that, on average, patients reported significantly higher levels of spouse understanding of patient pain than spouses at all three time points. Participants, on average, reported high levels of marital satisfaction across all three time points. Neither patients nor spouses reported high levels of depressive symptomatology throughout the course of the study. In addition, patients and spouses estimated patients' knee pain as moderate in severity. Correlations among key variables at baseline are provided in Table 3 . 
| Concurrent associations between spouse understanding of patient pain and marital satisfaction
In the concurrent model, patient and spouse reports of spouses' understanding had a significant effect on both dyad members' marital satisfaction, supporting H1a and H1b. Results displayed in Table 4 show that patients' reports of spouses' understanding of patient pain were positively associated with their own marital satisfaction (b = 0.08, p < 0.001), suggesting that patients who felt more understood by their spouse also reported higher marital satisfaction. In addition, there was a positive association between patients' reports of spouses' understanding of patient pain and spouses' marital satisfaction (b = 0.06, p < 0.001). This result suggests that patients who reported feeling more understood by their spouse had spouses who reported higher marital satisfaction. Spouses' reports on their own understanding were also significantly associated with their own (b = 0.03, p < 0.05) and patients' (b = 0.03, p < 0.05) marital satisfaction.
| Prospective associations between spouse understanding of patient pain and marital satisfaction
Results of the prospective analysis, displayed in Table 5 , suggest that it is only patients' feeling of being understood by spouses that is associated with their own marital satisfaction (b = 0.04, p < 0.01) prospectively. These results suggest that patients who report higher perceptions of their spouses' understanding initially also report higher marital satisfaction over time. No other hypothesized effects were found to be significant in the prospective model. In sum, results suggest that knee OA patients' perceptions of spouses' understanding of patients' pain is important for patients' and spouses' concurrent marital satisfaction and patients' marital satisfaction over time. In addition, spouses' reports of their understanding predicted their own, and the patients', greater marital satisfaction concurrently. Results of the unadjusted models (i.e., not controlling for depressive symptomatology or patients' pain severity at the current or previous time point) yielded the same pattern of results.
| DISCUSSION
Intimacy in relationships is a process that requires meaningful communication (Reis & Shaver, 1988) . Although spouses tend to overestimate arthritis patients' pain (Cremeans-Smith et al., 2003; Lehman et al., 2011; Martire et al., 2006; Riemsma et al., 2000) , patients of spouses who are more accurate about patients' pain severity experience less pain and better physical functioning (Martire et al., 2006) . In addition, spouses who are more accurate regarding patients' pain report greater wellbeing (Cremeans-Smith et al., 2003) and better support provision (Martire et al., 2006) . Historically, less empirical attention has been given to examining pain concordance through the lens of spouses' understanding (as opposed to estimating) pain or its relational benefits for both dyad members. The current study contributes to the field by addressing this gap.
The purpose of this work was to address the relational implications of spouses' pain-related understanding for OA patients and spouses. We used dyadic modeling to test the associations between patients' and spouses' perceptions of spouses' understanding of patients' pain and both dyad members' marital satisfaction concurrently and prospectively. Overall, findings supported our hypotheses and underscored the relational benefits of patients' and spouses' perceptions of greater spouses' understanding. It was expected that patient and spouse perceptions of spouse understanding patient pain would be associated with his or her own and his or her partner's greater marital satisfaction. We tested these associations concurrently and explored their robustness prospectively. Our hypotheses were confirmed. First, in the concurrent model, results suggested that patients who perceive greater understanding of their pain by the spouse have higher marital satisfaction. Second, patients who perceive greater understanding of their pain by the spouse have spouses who also report higher marital satisfaction. Similarly, spouses' perceptions of their own understanding of patient pain had a positive influence on their own, and the patients', marital satisfaction. In the exploratory prospective model, the association between patients' perceptions of spouse understanding and their own marital satisfaction was maintained. Overall, results suggest that spouses' understanding of patients' pain is important for the marital relationship. In addition, patients' perspectives of spouses' understanding were shown to have an influence on their own marital satisfaction over time.
The most exciting finding of this study, and perhaps the most important, was the presence of the effect of patients' reports of spouse understanding on spouses' marital satisfaction. This result suggests that patients who perceive their spouse to have a greater understanding of their pain have spouses who are more satisfied in the relationship. The model statistically controlled for the effect of spouse-reported understanding, as well as the interdependence of patient and spouse marital satisfaction. Therefore, this result cannot be attributed to the patient's marital satisfaction or the significant relationship between spouse's own report of understanding and marital satisfaction. One potential explanation for this significant effect could be that patients who feel understood by their spouse display appreciation for their partners' understanding in loving ways. For instance, patients who feel understood may also feel more loved and reverberate that love and care back to their spouse. Future work should address other potential mechanisms of this association.
In line with previous studies (Porter et al., 2008) , patients in this sample felt that their spouses understood more about their pain than did spouses. In lieu of these discrepancies, our results also suggested that spouses' reports of their own understanding were associated with their own, and the patients', marital satisfaction. Therefore, even though spouses in this sample did not believe they had as high of an understanding as the patients believed spouses did, their feelings still relate to the marital relationship in positive ways. One factor that may explain these results is that spouses are recognizing that their understanding is not as great as patients believe it to be. This may allow spouses to respond to the patient in more loving ways when he or she is suffering, which may be a great boost to their marital relationship. It is beyond the scope of the current study to test this assumption; however, we encourage future work to uncover these, or other, mechanisms underlying these associations.
Unexpectedly, the only effect that was maintained in the prospective model was between patients' perceptions of spouse understanding and their own marital satisfaction. A potential conceptual reason for the lack of other remaining effects (i.e., spouses' perceptions of understanding on patients' marital satisfaction and patients' and spouses' perceptions of spouse understanding on spouses' marital satisfaction) over time is that the construct is inherently addressing a patient-related variable, which may have a stronger influence on patients' outcomes than spouses' outcomes. Stated another way, it is the patients who are experiencing chronic pain from a degenerative disease. Recall from earlier that spouses were required to be free from arthritis pain of moderate or greater severity; therefore, although they aim to be understanding, it may be difficult for spouses to truly relate to patients' pain experience. Patient perceptions of spouses' abilities to understand their pain may be most important for their perceptions of their marital relationship over time because OA likely has a strong impact on all aspects of their lives.
From a methodological standpoint, the fewer significant effects for spouses prospectively could be due to a lack of statistical power for detecting small changes over time. Marital satisfaction was highly stable across time (rs ≥ 0.67), and as can be seen in Table 5 , patient and spouse marital satisfaction at the previous time point had the strongest effects in the prospective model. Again, the robustness of these associations should be examined in future research.
The efficacy of couple-oriented interventions for the management of chronic illnesses has been established (Martire & Helgeson, 2017; Martire, Schulz, Helgeson, Small, & Saghafi, 2010) , and the current work uncovered aspects of communication that may be important for such interventions. A recent meta-analysis has suggested the small, yet stable, effect that marital quality has on health (Robles, Slatcher, Trombello, & McGinn, 2014) . In addition, close social connections have been shown to influence both biological and behavioral health outcomes (Pietromonaco & Collins, 2017) . Therefore, intervention scientists must consider how marriage and the quality of the marital relationship may help, or hinder, their efforts. The current study emphasizes the importance of spouses' understanding of patients' pain for marital satisfaction among OA patients and their spouses. Thus, increasing spouses understanding of patient pain may be a necessary component for successful couple-oriented interventions.
| Limitations and future directions
Results of this study suggest the relational benefits of spouse understanding patient pain among couples; however, this work is not without limitations. Most of the sample was Caucasian, had been married for an average of 34 years, and had been managing the patient's OA for almost 13 years on average. Future work should examine couples from diverse racial/ethnic backgrounds. In addition, the generalizability of study findings would be enhanced if future research finds the same patterns for couples who are in shorter-term relationships or who are studied nearer the onset of the patient's symptomatic knee OA.
The intimacy model was initially proposed as a way to examine a process that occurs within a specific time scale (i.e., a single interaction) where roles (e.g., discloser or listener) are expected to shift periodically (Reis & Shaver, 1988) . Research examining this framework among samples of healthy and ill participants has observed conversations in the lab (Manne et al., 2004; Mitchell et al., 2008) or responses to daily diary questionnaires (Laurenceau, Barrett, & Rovine, 2005; Shelton, Trail, West, & Bergsieker, 2010) . However, the current study investigated reports of understanding at a single time point and by selfreports. Therefore, temporal ordering of understanding and marital satisfaction could not be assessed. Future work would benefit by using a lab or daily diary approach to examine spouse understanding of knee OA-related pain and marital satisfaction in a way that matches the intimacy model more closely.
Furthermore, results from this study did not fully address the intimacy model by considering patients' feelings of being cared for and validated by their spouse (i.e., PPR; Reis et al., 2004) . Results confirm that spouses' understanding of patient pain is important for marital satisfaction; however, future work should consider the conceptual differences among patients' feelings of being understood, validated, and cared for and the extent to which these experiences may be collectively beneficial for the marital relationship.
Although not a limitation, this is the first known study to use dyadic modeling to examine the relation between perceptions of spouse understanding of patient pain and marital satisfaction. Future research should seek to understand if patients who feel understood by their spouses are better able to manage knee OA as a result of better support from spouses by testing potential moderators and mediators. In addition, results from the current study would benefit from replication in samples of couples facing other chronic conditions as condition-related perceptions of spouse understanding may be important for marital adjustment in other illness contexts.
| Conclusion
Being in a well-adjusted marriage has been linked to experiencing less pain and better physical functioning for patients managing chronic pain conditions (Reese, Somers, Keefe, Mosley-Williams, & Lumley, 2010) . As the aging population continues to increase in number, so will the number of older couples facing chronic conditions (Zhang & Jordan, 2010) . Now more than ever, research is needed to help older couples manage their interpersonal relationships and health conditions simultaneously. Understanding is a transactional process that is critically important for intimacy in relationships (Reis & Shaver, 1988) . The current study supports this model's relevance and suggests that relationships may benefit from enhancing spouses' understanding of patient pain.
